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(57) Abstract: 

PROBLEM TO BE SOLVED: To 
uniformize the plasma generated 
in a reaction chamber by covering 
the essential components of the 
reaction chamber with a 
protection member of quartz and 
reduce impurities adhering to a 
film to be processed on a wafer. 

SOLUTION: A sample stage 11 
provided as a lower electrode in a 
reaction chamber 1 0 has a wafer 
holder 1 1 a for holding a 
semiconductor wafer 1 2. When an 
etching gas is supplied from a gas 
feed system 1 6, a plasma 
generated from an etching gas is 
produced in a plasma generation 
region 1 7 and etches a film to be 
processed, which is formed on the 
top surface of the semiconductor 
wafer 1 2. Main components of the 
reaction chamber 1 0 are covered 
with a protective member 25 
made of synthetic quartz. An 
observation window 26 for 
observing the interior of the 
reaction chamber 10 is made of 
synthetic quartz. 

COPYRIGHT: (C)1999,JPO 




BEST AVAILABLE COPY 



(19) B#S#fW (JP) 



<1» & US & If ^ $g (A) 



(ll)^tilH£tR#f 

^H^l 1-238722 

(43)&BBB ¥J411^(1999)8^31H 



(51) IntCL* 
H 0 1 L 21/3065 



F I 

H0 1L 21/302 



1 i4l M 



«3ta* m?m<xxk5 ol (^ io H) 



(2i)tiua«# 


490710-355743 


(71) HSKA 


000005843 














(22){fUSB 


¥lfclO*|£(1998)12J115B 












(72)«W# 






(31)*$fc*fcfe«»# 


ftMm -348120 








(32)«5EB 


79 (1997) 12/1 17 B 








(33)«5fclfc£SS 


,H*(JP) 


C73IMW 


#- 














• 












(72)52W* 






























(74)ftJSA 















(54) istwxozm zr^x^sm&w&v^x^SEMmk 

(57) [M**] 

fiJS^ 1 0 ©fWcteTSlSMi: VX<D 

tmti 1 1 <?>#u iswe 1 1 1 2 

e> 5#®$5# 2 5 JC.J: o TS 



16— 




1 

Wttttt*©*H] 

zm&mt&nm^ »£Lfc:75XvK:j:ya6*Lh© 

^xvgyissgT'&oT, 

—*tfc «fe y Mtoti^v-v^ 3. t *<&m. t-rzzf^ xv«as 
g. . 

[»*^2] ^A^nfcHi&fttf^'bfcS^Xv 
©©HJfc^&^*fc:^Xv^ggT*3DoT, 

mm\z&. &f8^fr<b*zv yy&tttfmmztix^ 

fi2KfB^©^Xv#yiI£g. 

t»#3S5] &js^rtK&tte»;ftfcismi§j©g«f£g 

gptc, a>&ffcig|#^j&<!5nT^.&S«S:« 
gf-Si:^ iif§BtW&©iufB*«3£gaiS©JSHtC-£- 
J&B3^ 6 & S U > SrSBgf &X;g t , 

ttflBi"J3>^bJR»C*ftT> tWB^9Xvfe«wcx 
y*f*ft e>X§£ fcfliAT W5 Z. £ *&&£?& 
^Xv«ta^& 

[|§9§©iftlH*:&H33 

[0 0 0 1] 

e>&£^Xv£#B£31*5£#}c, $B£L 

fe^xvtc^ysmic^^fc^bT^tasrfT* . 

e>fe«>©HJ&^£#;tfe^Xv#yigg, &tffufB© 

SlS^rt T- ^7 XVX y ^ > ^ fctffc e> ^7 XYM* 
[0 0 0 2] 

Mf&Z tv&ttft mmizM L T ^ Xvic «fc y x y ^ > y 
[0 0 0 3] t!5T', ^7Xv«llfi|i«^7X7X 

v y v srfr* e> #><DBLfcm.<?>m& zn^mmfcrntt 

-«7Att««$:^-r5$/y3>^tC^bTT^-fe^^ 



(2) V 1 -2 3 8 7 2! 

v' . . 2 

"r (pa****)" £lt«<. z<Dtztb. BLj&m&mt 

•£?©£I£li»»»»#X y ^ > tir r;b $ - a 
,.[0004] ^ass#iiLTtt, gyn^M-v^v^Jl 

4>TV^o 7;i/^:HiS^Xy^;yy£*UC<V%CDT?, 

[0 0 0 5] £ZZX\ iSB#, R/£^©Xgg^f«g|S;{tfS 
S^SteWti, &mtimti*zf9X^fr%$kmirZ 

Wy Xv©i6g&gfbfc#o T zf9 Xv©:Rfflt#x y *f 
«Att. W««4g±©^y=i>^tJRlc*l 

.«*i*s/y3>aMbii CB3!) fcj:ya*4xs. 3©fe 
fe, ^■^xv^^jcfev^T^-rs^xvii, * 

^Xv©4mtt^lS©>iiig{C#o T^-fb L*V> i:^{C# 

30 mfl«rfc^— tc&s. 

[0006] * o iEJS^©^ii«l^aPM^53£*> 

JC ^yn^^bKfC^^xy^^^cDit^ftc^o 

icjcoT^-rs^stt. ^Ai:M«;y, *>y 

a >^tc^ LT7 ^ ±zf* -Xlt K^— t btfiS^ft 
& £ W s z: t. ittn *\ 

40 [0 0 0 7] Jgil±©SftfC«koT, -®©«jfffl-fb^M* 

[0 0 0 8] T;i/5^iaizEL,fcJ:e)^J^.«:^ 
oTv%si:*{c, ^"vXv©^HI^xy^>y#iStc^ 

e>a*{cj:oT. M^©xn«^aj#?:Me)^a5*f 
^^s^©MK^c{4a^^e>*s y >yauMS:gBg-rs 

50 Sffi^«$ixrv^S. zititt, S»iit^5i/'J3 



3 

5X7©*«i: 5/ U 3>lWi^©«t , *»lca3W-*.X5X 

i^g $ *iT v % S *«© if 64S'J> ygp# £ 

@2gfS©T*&S. . , ( , |4yi 10 

[0 0 0 9] 

[M#flNfcUJ:3fc'*-fclMt]. trST. &?«&©£•?> 
[oo io] flittf, *»Mlc3RlfctltiyfJ*'4-«fc. 20, 

D R AMOD^^fNif^CD 1 OT?Jfc&3i<-X#-f A 
V^PMbPAS'*'*. AOtf&Ott. DRAM 

©* =e u -ir;b{c^- h y ? A^©^*6^##*-r.s 3 
•5. 

[0 0 11] fit". Sffl3iliS!C#ftS^«#4M 

•rsfcftsc KJ££©£s#j&»#fttmM*ttc*ri/ 
T^W{c^y-->ys:fi : '&e>cii:tcj:y > 

[0012] t.z.z>#* xmsmmbit* s.^a>±m 

v » 5 5^MW V 6 v ^^S•e X9 Xv:n y > ^ &tr 
&ot»fe!!C, DRAM©:K-X#>f A£r$Lh$-e<53 

[0013] g&iBtc^*, #isgifcju 40 

$:@2gLfcy^-sz:i:tc<ty, X9Xv£*5— < ffc-ess 

£<g$£T£& «fc e> 3 £ & 
[0014] 

[i&S£fl¥&t--5 &«>©#©] t&IBOeW&^'rSfe 

Mgicov^^©&f*£iii;tfc*i^ OTicfiwrs 
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[0015] £1% £i^i£W#s!^e>fc£'&@gt 
y v*Lft & e> 3 n let y e> *vs d r amcd^- x # << 

Tg:bftX^£MJS^fCfc^TX9XvrOy^:yX£« 
e> 3 i: ic «fc y *§ <b *i£ DR AM©jK- X# -r A {cfcfc^ 

[0016] #cjc, iiaWEawtjyT/i/a-^fejfcsfi! 

SgfSMfC «fe o TSfctlT V \ SSJE^C X9 XT X 

v + y V St^t* -5 3 i: «fc y ^ e>4%s d r am<z>3J<- x 

•^tC#e>4xSDRAMOJK-X^-f Ati, yyywfc*. 

sag i/ & ^^-&{c# e> ns d r AM<©df- x ^ >f a tc jt 

[0 0 17] S^^^^S^fP^XJi^*'* 

fiswxttu >^au#$:«^t- s^3? 

[0018] Xftmii. t^fiBco»IB^cS^^^T*$^^fc 

«s«oMaicsBgsnsy>^gi$#Sr» t£3R^e>«v^ 
s. 

[0019] ^ftwtctt, *ftmizm&m 1 ©x^xv 

«tS^gtt, ^A$nfcSfStt^^e>«:SX9Xv5: 
«^UfeX9Xv}Cj:yS«_h«)^ 

xv«is^g$:*r^i: b, as^©in«i^aj#{i. # 

[0 0 2 0] ^l<DX9Xv«ia^g{CJ:5i:. Rfc-g. 

VlMtBEROHSflWM*^ UT n U^ffTx-; ^ ^ y 
fT*e> 3 i: feasor*, X9Xv©«KStt^»{c— ^ 

feV^Tfg^UfeX9Xvtt^gi5M^CMb■tXy^>^ 
[002 1] ^WfCtt. ^^{C^5H2<3DX9XV 



(4 

5 

_ ■ . 

[0022] 2 ©^9 Xv#yigjgfc isL f£ft£ 
©S««ggP©;iBlc-£/!fc63S^e>&<5 u yVBtt&m 
M£ftT^5fe#>> 2/U 3>^ftBlfC*f LTX^Xvx 10 

r©*§^ HMfCfcwt5S£Lfc^X-=rtey 
y>rBttizMLT*y*yy*:ft&$&. -&j&53Sj^e> 

[0 0 2 3] 2li;£«3S2©X^XV#yi^glCfcV> 
T. •&fi8^{C#*^S^M^©^^5liO. 1 p p m 

[0024] ZL<DWr&. <£tffc5miZ<g*.n&*1&%!)£ L 

[0025] *^Wfcti, *^Wfc^sx^xv«is^r 

s.fo&ftizMtt?>ixt-im&<Dmmmm.miz. m. 

#iC, im^©S*«SaScr>MHJC^^SIIA^*«y 30 

[0026] *ftm<Dzf?x'?mm%mizj:z>ii > mm 
&<Dm&mm&<?>mmiz'$!rf&Bi&frc 3 *2> y >w 

&&^©MH©3W*i:#|gEM^{cfc£©T?. 
-tcfcSi:£ic, i^£^^!bfc&y>yaisM«^*W 40 

[002 7] 

[*8«B©nai©*aM cm i (DmmrnM) &tf* *$tw 
©■« i ©ly^ffifc&sx^xv&sisgico^TE 1 

[0 0 2 8] gilt Hl©^6fe^fil5C^5^Xv«t 
Ml 0©i*||lK:ttT*««i:LT©«PKJi ltfiStt 



)" J ! 9#B8¥l 1-23 8 722 

g««i$g|Sl 1 a£;£LTV\5 0 &M 1 0 ©ft&Sfc* 
1 1 ©SSGtff&i 11a ilttfa^StefitCfc 

-tgumfii 1 3 jwkw e,nt^y, m±apmfii 1 3 icag 

«©#X*HK?L1 3 atf^fifcSftT^S. 
[0 0 29] SfS^ 1 0 ©_tl£8|5 1 0 a {Ctt:*f*^ASl 

.1 4jWRwe>ftT£-y, ^^.^Aapi 4tt^fx«i^s 

J_l 5 Sr^LT^a^^Sl .6 CiSLT.V»6. SftlC 

BU&ltttXti* #X#i|&8fri 5^l/TS)Sfl 0'c« 
A3*vfe&> _L&sm*§l 3 (DiJX^m^L 1 3 afC<fcy£ 

#3 nr x^ xvi84«« 1 7 tc«#vh«. 
, [00 3 0] ±»«si 3tt*i©>f.>hr-if>x« 

y , * 1 ©«M«tm® 1 9 *» e> ±m<mm 1 3 icmos 
znmmmtHzz y , ^5^«4i« 1 7 jc^as *\ 

[00 3 13 KH&i um2<n-(ye-#yxm.-$t® 

m2©HfMiK«^2 l^&wmi 1 tcemin$*iSi&/§ 

^^xvtt^ 1 1 ©g«&#as iia tc^stvr 

[00 3 2] fcfcm 1 0 ©{HUSJCfcttf^ffffiP 2 2 jftR 
W^tlTfey, K^*Bn2 2Si#*£EffiISSfiS2 3fC 

,[003 3] tSo T, 1 6 ^ e>S*5tt^f X 

*£1 7JCfeVxTXty^->iT^A»e>«JSX5XV5{i«SI^ 
L, »^LfeX9Xv*«^«c3KRl 2ICA«tSfc 
#>> ^«:^1 2©^MtC^$*iTV^S«LW*« 
X^Xvx^^^^Stl.-S. ^^X^Xvj&tJf 
X^X-7xvy ^>^{cj: y9B£L&EJES£jft«tt4fX# 

£tjp2 2^e>^ffljfcffms4xs. 

[0 0 3 4] I l«l»S8®!ifittLT, SMI 0 
ffliHW?$5, _hj£ffl51 0 aV Tfl£«J 1 O b, 

«nsa$ i o c , 1 1 tcim5g®£3$a$ ih« 

m&M2 5lZ£r>Tmt>1XX^Zil&lZ. ffilO® 
WSP$:S^-rsfc»©f^}82 6ii-£j&H3S^e>&£„ 
[0 0 3 5] ^l©^j|6^1l(CJ:Si:, HMi b©^ 
mMf£Bm*&f&^fr*>*Z&®Btt2 5 {c«k y®*j 

^VTV^Si:^^cm^^§^2 6*^^S3I^P,«:S7£:«>. 

mmu2 sAtfwm&2 6^x^xv^m«i 7tcte 

[0 0 3 6] 3©«fce>JC, «^8PM2 5&0fW^t2 6 

mmzm&ztiT ^&mmiRiziz*m<®ffttZttm u 



7 * 

R AMCDiK- X9 4 A < ffl±£ -£•£> 3 £ £ 

5. ' 
[0 0 3 7] t!fe|5<Z)^Xv^a^g©^SI$G). 

[0038] ^<Dzf^x^mmmmzj:&ii, 

<D*wto 2 $ *w mmaznttm®) 2 w^ig^s 
« 1 2 ©M»c#apLfc ffioD^w 1 ^nzfttm 

L »J -T 5 fc«>, 1 2 tf>±®_t{CJ£j£3 ftT 

V ^ S D R A M <D iK - X 9 >f A ttfiM b T I, * ? . 

[0039] H3 ummnz^ti^n^Ko^ 

fit, *mftm&(D3kWiz&tt2>*1&®)<Dttm&£(Dm 
v »c £S«IC 5 ^M^CD^fi 

[0 0 4 0] £fc, @3tC^S*_fc©M«c«, 

e>Mv^ e>ftr v^5^ii^l53s^e)3S:s#0al5*^ i fc-g-^ti 

jc, ® 3 tc fc j-t s £t©m««u as i a>mm&i&ic & «■ 
s^sai^e>^s«0^2 5 \z<£ntittnmo><£ 

e>mi&^fc«fce>ic, sgi©§iagjty£K:<fc££:, 

[004 1] @4 tt, ¥^#g«(Z>MK:33t-t-S^*i&4t> 



( 5 ) Still 5 ! 2 1 1-238725 

8 

mi) t©g3^^LTfi»j, ®4^e>, ^tmomtfmM 

<Z>tf^gtf2X 1 O 10 J^_hfC*Sil/J<-X^-f Atfj&ffl 
[0 0 4 2] &l<DmfeMffilC&&£. 03CS^S 

[004 3] jsat. &mmtt£LT. m&<D*t>imm 

io S3ISrffiv^S^atJ««ll<Z)^^ffi©«ke»tc-^fi^S35 

[0044] ft, *mftmfca>$mizttm?ttu®<?3 

gM*<Z>SBg£DtU UW8m<DimZ:V£ U «SISU 
St-TSil, ^«tS«©M»C#af^-5^^CDfiA 

(i, a=dvcn/ (ms) T?^*>$*t.s. 

20„ [0 0 4 5] ^^S«^MtC^«f-S^i|s64* 
o i/ U n H F W^T'^ftP b, 

mmmit o. 7wt%©HNo 3 sjtT*niiRbfe. r^tc, 

[0 0 4 6] (ocy^^^^fr) 
i»;f>m:C 4 F,/CO/Ar/0 2 =5 — 2 0 
30 /5~20/100~400/5~20 (seem) 
-h3PmStC^JiD^-&]SM»«^J : 1000~2000 
(W) 

Trnwrnzmunf znsmmm* 5 o o ~ 1 5 o o 

(W) 

x-yf>^|g:3 0~12 0 (^) 
[004 7] 

mi) 



(6 r'i.'.' 
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Na 

t 


Ca 


K 


Al 




Mar 














! 0.1 


1 

1 , 

II 

1 


Ippo) 




O.fr-0.8 


9.0-50 


0.3-0.7 


(ppro) 




1.0 


0.7 1 


1Q.0 


0.7 


0.1 


{Kt O'Vcm' ) 


M.T 


89. 7 


21.3 


440 


M.9 


4.89 


|KtO"Am« ) 


24.0 


13.0 


i 

5.8 


7.8 


2.3 


1.7 



[004 8] [^1] tt^lfeS3?$:fflV>S#^-S:^LT 

8~4. Oppm, *M"?^0. 4~1. Opp 
m, jtr'JtfAtfO. 2~0. 8ppm v 7^$-fA^ 
9. 0~5 0ppm, £fc#0. 3~0. 7ppm, 
*i"?A#0. lppm^S ( (80 *S77>f^^ 

% (fcmw) : H*-fb^isj:ys[#) . tot, mm 

ft&<D^m®>'&*iM<0-R&te£ Ut, th'J ? Ate 1 . 
Oppm, #;i/t">i*ttl. Oppm, A'JWttO. 
7ppm, 7M-fAttlO. Oppm, «liO. 7 
ppm, V^e/^AtiO. 1 p pm£$gJ8bfe. 30 
[0 04 9] *U%KD<£mMtL UT_hIB0>fS3Ht : &fiU§ 



ti, 7-hU7A*!5 1. 7X10 1 Vcm 2 Tf&U, jj 
;i/J/9A^29. 7XlO 10 /cm 2 T?&»J, A'Jtf.fe 
#2 1. 3X1 0 10 /cm 2 TfeU, 'fr£#4 
4 0X1 0 10 /cm 2 7?fey, ^14. 9X10 10 / 
cm 2 V^e/^i**«4. 8 9X10 10 ./om 

?A#24. OXlO'Vcm 2 tfe'J, *M'i/*;J*& 
13, OX10 10 /cm 2 T'*t/v AV^3. 6X 
lO'Vem 1 ?*^ **/5=.tf&*«-7. 8X10 10 
/cm 2 T?3d>J, Sfctf2. 3X10 10 /cm 2 
V^S/trAiBUl. 7 X 1 O'Vcm 2 

[00 50] 

[^2] 



11 *. 



(7) 



tem^-l 1-23 8 725 
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_.{.p.pja>_ . 



(ppm) 



(xl O'Vicm' ) 



(x 1 O'Vcm') 



Na 



JOUR** 



0.02 u V 1 0.02 



1.003 



0.895 



Ca 



0.1*« 



0.593 



0.364 



0.03*» 



0.02 



0.608 



0.237 



Al 



0.05*« 



0.03 



1.32 



0.802 



Fe 



0.1*« 



0.02 



D.426 



0.328 



MS 



0-02*» 



0.02 



0.979 



0.104 



[0051] c^2] it^^sm^m^m^^iyX 

07ppmm W^O. lppmm *U 
?A#0. 03ppmm 05p 
pm*Si, lppmm T 1*1*0. 

O 2 p p m5fcSre&& ( (80 JC^??^^^* 

*n?\ M#?x (#0 cD*#py&Wfc^«K- (JSJi 
18) : B*it¥£M*Vtiem '. ffioT, ^JSg^©^ 

m, *;i/$/9AttO. 02 ppm, ^U^AtiO. 0 2 
ppm, TM-fAttO. 03 ppm, &ttO. 0 2 
ppm, Y^i/fAttO. O 2 p pm&«MLfe. 
[0 0 5 2] LTJ:IB©f^li&SUl 

li, th'JfA^l. OOSXloVcm 2 T'*y, 
Mi"?A*5 0. 5 9 3 X 1 O 10 /cm 2 7?*>U, # U 
9A#0. 6 0 8xi0 10 /cm 2 T?fe»J, 7/1/^— # 
A#l. 3 2X10 10 /cm 2 T'feU, JtetfO. 4 26 
XlO'Vcm 2 T*y, V?"*i">A#0. 9 7 9X 

,10 



1 O'Vcm 2 
[0 0 5 3] ft, ^i|3fi«J©S©IIJfl!MiitCOV%Ttt, 
'J-JA^O. 8 9 5X 1 0 10 /cm 2 t*'J. *;^>f 
A#0. 3 64X1 0 10 /cm 2 A'J^Atf ■ 

0. 23 7X1 0 1 Vcm 2 T?&»J, — ?A# 

0. 8 0 2X1 0 1, /cm 2 tfeU, ftj^O, 328X 
lO'Vcm 2 ^'], 194X1 
O'Vcm 2 

[0054] (m2©nifi^®) jsat, *ftma>m2<D 
mtmmizmz ■?^x^#mm.m.\z-D^xm 5 0 6 

(a) , (b) £#ML&#e>!&irr£. 

[0055] 31 2 (Dm®Mmiz&z> y 5 x-mmmm 



2o> «, a5tc^-r«te>tc, i&t&i 1 iz&vz ^mftm&L 

1 2^g3*l,S»S^gffl51 1 a ©MK{c^-^55l*v 
■bfc-SU >?"gM#3 Oa^gStlT^-S^MfStS:^ 
LTjBU. -^©ffi^giJ^tCoV^tt^lODIgi^Sgtim. 
m?&S^£0^&tfgiW&#B&t-&. ft, £J&^(D£ 
S*t5fcg|S#3:Se> «0gP*£8:tf«i3g3& £ LIB, $1© 

[0 0 5 6] 06 (a) , (b) {C^«fce>lC, &f&5 
l&fr 6 S U > ?W 3 0 tt, ? :n^:t*©¥^#*« J: 

30 v*m : r*g^ft%mz*i*z>mm®3 o a stLtfe 

U, tm^l l©g«t£MSPl 1 alCjJtt&ftS^fl: 
a£* 1 2 CDMMtiU >?mt 3 0 ©@Hg|J3 0 a fC« 
SSftS. 3.©fc«>, tWdllOXfiiyitl 1 al* 
y ^ XV«4I« 17 (@1 fc^jRD tC*f L/ TSffi b 
V>. 

[0 0 5 7] 3CDJ:e»JC, m2<D|yfi^g|lCj:Si:, $6 
Wll JCfeWSS««ga5 1 1 a O^HfC-^fig^^ 
W5'J>W3 O^IBg$tlTV%Sfc«), U>^S 
#3 0*^^XV^M«1 7lGfcVvC3S£Lfc_^>C 

40 vtc^tiTxy^^^stir*, u iv^gws o^e> 

A, iXttT^* i/^ A WM^iftajSftft 

[o o 5 8] j^t, %z2<Dmm3&mizffi&? i 5X'?tiim 
07 (a) ~ (d) *mm^i&&ibmm-?Zo 

[0 0 5 9] *t\ 07 (a) lZB-?£?^ ^mftM 

«3 i<d±izbp sGmfrb&zt/v^iymims z * 

*£«Lfc«L 07 (b) {c^-r^-ibic, i/'jn>KM 

50 3 2<D±iZUp^. N/^->3 3 5r^^f5„ 



(8) 
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[0 0 6 0] fttc, isVnyWMtmz 2<D±K]/i?Xh 

3 3tfmf&2tifc¥mfcm&3 1 *m2<Dmm 
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